Abstract. Consumption of moderate amounts of alcohol, compared with abstention or with heavy intake, appears to be associated with reduced all-cause mortality (ACM) in middle-aged subjects. The Dubbo Study of Australian elderly is a longitudinal study of healthy ageing. In 1988-89 we examined 2805 non-institutionalised citizens 60+ years of age born before 1930, mean age 69 years. The cohort comprised 1233 men and 1572 women, representing 73% of the eligible population. This report examines the relationship between alcohol intake and mortality in this cohort during follow-up over 20 years. Alcohol intake was arbitrarily grouped into 4 categories: nil, low, moderate and heavy. The analysis could not distinguish between intake of wine versus intake of spirits. 78% of men and 52% of women reported some alcohol intake. Most men reported an intake of 1-14 drinks/week, most women 1-7 drinks/week; 87% of male drinkers and 44% of female drinkers predominantly consumed beer and the remainder consumed wine and/or spirits. Over 20 years to 2008, 66% of men and 53% of women died; 64% of male drinkers died versus 72% of non-drinkers; 46% versus 60% in females. In a multivariate model, ACM was related to quantity of alcohol intake in the familiar "U" shaped relationship, being 20% and 28% reduced in the low and moderate intake categories respectively, compared with nil intake. This relationship was similar in men and women, and with intake of beer or wine/spirits. Any alcohol intake added 12 months survival time in men and women over the follow-up period. Alcohol intake in the low to moderate range appeared to offer protection against the onset of dementia. The overall Dubbo results are not unique, but are applicable to senior citizens. A "healthy survivor" effect may be partially operating in this context.
Introduction
Consumption of moderate amounts of alcohol, compared with abstention or with heavy intake, appears to be associated with reduced all-cause mortality (ACM) in middle-aged subjects [1] [2] [3] [4] . This effect may be partially mediated through a reduced risk of cardiovascular disease [5] [6] [7] . Some studies attribute the reduced ACM to a specific effect of wine [8, 9] , other studies attribute it to any type of alcohol [5] . In elderly people some of this benefit from moderate alcohol intake may be negated by mortality from other causes [4, 10] .
The Dubbo Study of Australian elderly is a longitudinal study of healthy ageing [11, 12] . In 1988-89 we examined 2805 non-institutionalised citizens 60+ years of age born before 1930, mean age 69 years. The cohort comprised 1233 men and 1572 women, representing 73% of the eligible population in the Local Government Area of Dubbo, NSW. About 66% of men and 53% of women died during 20 years follow-up [12] .
We have previously reported on the relationship between alcohol intake and mortality in this cohort during follow-up of about 10 years [13] . In the present report we have examined this relationship during follow-up extended to 20 years.
Methods
Methods and measures have been described in detail previously [11] . Briefly, the baseline examination comprised standard demographic, psychosocial and cardiovascular assessments, including examination of fasting blood samples. The study population were broadly representative of the Australian population born before 1930 by gender, age, employment, socioeconomic status, housing tenure, mean blood pressure and other variables.
Questions on alcohol use were identical to those asked in the National Heart Foundation Risk Prevalence Study [22] , and yielded an approximation of usual alcohol intake coded as zero, 1-7, 8-14, 15-28 and >28 drinks/week (referring to a standard drink containing 10 g of alcohol). Specific intakes of beer, wine and spirits were not separately sought, but subjects were asked if they normally drank beer or not, allowing a separation of drinking behaviour into beer and "other" (i.e. other is the combined group of wine and/or spirits).
From the weekly intakes listed above, we have arbitrarily grouped alcohol intake into four categories -nil, low, moderate and heavy. The respective sex-specific definitions were as follows:
• Low: men 1-14 drinks/week, women 1-7 drinks/week • Moderate: men 15-24 drinks/week, women [8] [9] [10] [11] [12] [13] [14] drinks/week • Heavy: men 25+ drinks/week, women 15+ drinks/week Deaths were ascertained from hospital or public records, with postal surveys conducted every two years to confirm vital status. The independent contributions of potential predictors and confounders to ACM were examined in Cox proportional hazards models. Point estimates and 95% confidence intervals for the risk of ACM were calculated from the regression coefficients (presented as a hazard ratio, a measure of relative risk). The Dubbo Study has received approval from institutional ethics committees at St Vincent's Hospital Sydney, the University of NSW and the University of Western Sydney, and all subjects gave informed, written consent.
Results
The pattern of alcohol intake is shown in Fig. 1 . Almost 4 in 5 men and 1 in 2 women took some alcohol. There were more women in the moderate versus heavy intake categories. The heavy intake category was relatively small in both sexes. Men predomi- nantly consumed beer while women reported a mixed intake.
Over 14 years from 1988, various community outcomes were compared in 1779 subjects who took some alcohol versus 1011 subjects who abstained. Death occurred in 41% versus 47%; any hospitalisation in 94% versus 93%; admission to a low dependency hostel in 4.7% versus 8.9%; admission to a nursing home in 6.5% versus 12.6%. By the 20 year follow-up in 2008, male deaths had occurred in 64% versus 72%; female deaths in 46% versus 60%. These are univariate statistics and multivariate modelling is required to see genuine relationships.
Multivariate models of ACM
The hazard ratios for ACM by alcohol intake in Cox models controlling for age (and sex in "all subjects" model) are presented in Table 1 . In men and in women there was a lower risk of ACM at low and moderate alcohol intake compared with nil or heavy intake, the familiar "U-shaped" relationship. Statistical power in the heavy intake category was much reduced due to smaller subject numbers.
Given the similar relationships apparent here in men and women, and in the interest of increasing statistical power, subsequent models combined the sexes. Table 1 clearly demonstrates that all subjects in the low and moderate intake categories have a significant 25% lower risk of ACM compared with other categories.
The hazard ratios for ACM by type of alcohol intake in Cox models controlling for age, sex, and a list of Table 1 Hazard ratios and 95% confidence intervals for all-cause mortality by alcohol intake in Cox models controlling for age (and sex in "all subjects" model) other specified variables are presented in Table 2 . For all subjects taking any type of alcohol, ACM was significantly reduced in the low and moderate categories (by 20% and 28% respectively versus nil intake). There was a broadly similar reduction in ACM whether the predominant intake was beer or wine/spirits. The hazard ratio for heavy intake of wine/spirits had very wide confidence intervals, but the point estimate did suggest a trend towards excess ACM.
The differential findings for intake categories in Table 2 are shown in Figs. 2, 3 and 4 which are the respective survival functions in the full Cox models by intake category for all alcohol use, beer only and wine/spirit only. The potentially poorer survival in the wine/spirit drinkers belonging to the heavy intake category is again apparent in Fig. 4 .
Potential mediators or confounders
We attempted to define the contribution of potential mediators or confounders, such as diabetes, hypertension, body mass index or HDL cholesterol, to the relationships shown in Table 2 . We started with a "base" Cox model which initially omitted these four variables. They were then added one at a time in a stepwise fashion. The findings are summarised in Table 3 .
In brief, the relationship between category of alcohol intake and ACM was not influenced by the stepwise addition of each of these variables. Table 4 Hazard ratios and 95% confidence intervals for specified outcomes by alcohol intake in Cox models controlling for age, sex and other predictors or potential confounders 
Overall survival with alcohol and other risk factors
We summed areas under survival curves for various predictors of ACM in the full Cox models. Over 20 years of follow-up, men and women taking any alcohol survived 12 months longer than their peers taking no alcohol. For smokers, men lost 41 months of survival, women 25 months; with hypertension, men lost 20 months, women lost 17 months; with diabetes, men lost 20 months, women lost 30 months; with atrial fibrillation, men lost 20 months, women lost 25 months.
Alcohol, CVD and dementia
Are the apparent protective effects of alcohol intake on ACM mediated through a relationship with cardiovascular disease in this elderly cohort? To increase statistical power we examined this question in relation to fatal and non-fatal coronary heart disease and ischaemic stroke events at 16 years follow-up. The findings are summarised in Table 4 . There appears to be significant protection against cardiovascular disease in the low alcohol intake category, but the relationships appear inconsistent across the categories of intake.
Of particular interest in Table 4 is a significantly lower risk of onset of dementia at low and moderate alcohol intakes. This is demonstrated nicely in the "survival curves" free of dementia by alcohol intake category in the full Cox model shown in Fig. 5 . Protection at heavy intake has very wide confidence intervals and may not be genuine.
Discussion
In this well-defined, community-based sample of elderly Australians, alcohol intake is best described as low to moderate. The results do confirm that intake of alcohol is associated with significantly reduced risk of ACM in both sexes in the familiar "U" shaped rela- tionship. Our findings have been broadly confirmed in other contemporary Australian studies [14, 15] . But this has not been a universal finding in all studies of the elderly, possibly because these cohorts may contain an excess of "healthy survivors", or there may be competing causes of mortality [4, 10, 16, 17] . There was a broadly similar relationship present with ACM whether subjects consumed predominantly beer or predominantly wine/spirits. It is unfortunate that we were unable to examine any separate effects of wine versus spirits. This study has other limitations which must be acknowledged. There is a potential for misclassification of alcohol intake between nil and low because of under-reporting. This would diminish any apparent relative benefit of alcohol intake since we have used nil intake as the reference group in the models. Hence, the findings may represent a minimum estimate of the benefit of low to moderate intake. Our categorisation of alcohol intake into low, moderate and heavy was arbitrary and based on sex-specific intake data, but this is a standard epidemiologic approach.
It is conceivable that factors such as diabetes, hypertension, body mass index or HDL cholesterol might have impacted or confounded the relationship of alcohol intake to ACM, both in a positive or negative sense. In particular, alcohol intake in Dubbo is positively correlated with HDL cholesterol in men (r = 0.32, P < 0.001) and women (r = 0.23, P < 0.001). However, the stepwise modelling in Table 3 showed no impact of any of these variables on the underlying relationship between alcohol intake and ACM. There was some protection by alcohol against cardiovascular disease, fatal or non-fatal, but relationships were inconsistent across intakes (Table 4) . Alcohol may also influence survival in other ways which are currently not measured. It may reflect a special lifestyle integrated with less tangible factors [18] .
While excess alcohol is undoubtedly toxic to the central nervous system, the finding of protection against dementia by alcohol intake in the low to moderate categories is interesting. But this outcome does find suggestive support from other studies [19] [20] [21] and it does merit further exploration in studies designed specifically for this purpose.
What are the public health implications of our findings, being derived from a population of "survivors" in their senior years? In the presence of low to moderate intake of alcohol, senior citizens can be encouraged to continue this behaviour.
Conclusions

Amongst Australian senior citizens in 1988, 78%
of men and 52% of women reported some alcohol intake. Most men reported an intake of 1-14 drinks/week, most women 1-7 drinks/week 2. 87% of male drinkers and 44% of female drinkers predominantly consumed beer. The remainder consumed wine and/or spirits 3. Over 20 years to 2008, 64% of male drinkers died versus 72% of non-drinkers; 46% versus 60% in females 4. All-cause mortality was related to quantity of alcohol intake in the familiar "U" shaped relationship, being 20% and 28% reduced compared with nil intake in the low and moderate intake categories respectively. This relationship was similar with intake of beer or wine/spirits 5. Any alcohol intake versus none added 12 months survival time in men and women over 20 years follow-up 6. This relationship did not appear to be impacted or mediated by diabetes, hypertension, obesity or HDL cholesterol 7. Alcohol intake in the low to moderate range appears to offer protection against the onset of dementia 8. The overall Dubbo results are not unique but are applicable to a group of non-institutionalised senior citizens 60+ years at study entry. A "healthy survivor" effect may be partially operating in this context
